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[0245] It should be appreciated that although the embodi-
ments described herein are configured to target electropo-
ration in intradermal and/or subcutaneous tissue, any of the
design parameters of the vacuum cups 2, 502, 702, 802, 902,
1002, 1502, 1602 and vacuum devices 1802, 1902 can be
scaled upward or downward in size to target more specific
and/or different tissue layers, such as specific tissue layers
within the skin or even muscle layers, such as smooth
muscle and skeletal muscle layers. Moreover, the design
parameters of the vacuum cups 2, 502, 702, 802, 902, 1002,
1502, 1602 and vacuum devices 1802, 1902 herein can be
adapted as needed to target electroporation of other types of
tissues, including mucosal membranes, organs, etc.

[0246] Although the disclosure has been described in
detail, it should be understood that various changes, substi-
tutions, and alterations can be made herein without depart-
ing from the spirit and scope of the invention as defined by
the appended claims. For example, features of the various
embodiments described herein can be incorporated into one
or more and up to all of the other embodiments described
herein. Moreover, the scope of the present disclosure is not
intended to be limited to the particular embodiments
described in the specification. As one of ordinary skill in the
art will readily appreciate from that processes, machines,
manufacture, composition of matter, means, methods, or
steps, presently existing or later to be developed that per-
form substantially the same function or achieve substantially
the same result as the corresponding embodiments described
herein may be utilized according to the present disclosure.

What is claimed:

1. A device for vacuum-assisted in vivo electroporation of
tissue, comprising:

ahousing defining a chamber and at least one opening into

the chamber;

at least one port extending through the housing, wherein

the at least one port is remote from the at least one
opening and is connectable to a vacuum source, such
that the at least one port is configured to communicate
vacuum pressure from the vacuum source to the cham-
ber; and

a plurality of electrodes positioned within the chamber,

wherein the plurality of electrodes are configured to
deliver one or more electroporation pulses to a targeted
portion of tissue extending through the at least one
opening and at least momentarily held in the chamber
responsive to the vacuum pressure.

2. The device of claim 1, wherein the at least one opening
is a single opening, and the opening is circular.

3. The device of claim 2, wherein the housing has a wall
defining an interior surface that at least partially defines the
chamber, and the plurality of electrodes includes four elec-
trodes extending along the interior surface, wherein the four
electrodes are spaced from each other at ninety degree
intervals.

4. The device of claim 2, further comprising a second port
in addition to the at least one port, the second port configured
for insertion of a jet injection device or a hypodermic needle
into the chamber.

5. The device of claim 2, wherein the housing has an end
surface opposite the at least one opening and a wall extend-
ing from the end surface to the opening, the wall defining an
interior surface that at least partially defines to the chamber,
wherein at least one first electrode of the plurality of
electrodes extends from the end surface, and at least one

Sep. 23, 2021

second electrode of the plurality of electrodes extends along
the interior surface, wherein the at least one first electrode
and the at least one second electrode are concentric with
each other.

6. The device of claim 5, wherein the at least one first
electrode is a single electrode centrally positioned with
respect to the end surface, and the at least one second
electrode extends along an entire circumference of the
interior surface.

7. The device of claim 1, wherein the plurality of elec-
trodes have electrode surfaces that are exposed within the
chamber, and at least some of the electrode surfaces are one
or more of textured and protruding into the chamber.

8. The device of claim 1, wherein the housing is con-
structed of a material that is flexible, and the material
comprises one or more of polycarbonate, polyetheretherke-
tone, polyphthalamide, polyethylene, polytherimide, poly-
vinyl chloride, polytetrafluoroethylene, polyamide, polyim-
ide, polysiloxane (silicone), polyethylene terephthalate,
polyurethane, crosslinked or non-crosslinked rubbers, poly-
esters.

9. The device of claim 1, further comprising:

a signal generator in electrical communication with the
plurality of electrodes and is configured to transmit the
one or more electroporation pulses to the plurality of
electrodes; and

a processor in electrical communication with the signal
generator and at least one sensor positioned in the
chamber, the at least one sensor configured to sense at
least one parameter of the tissue during delivery of the
one or more electroporation pulses and communicate
feedback data of the at least one parameter to the
processor, and the processor is configured to execute
one or more algorithms utilizing the feedback data and
adjust at least one pulse parameter of the one or more
pulses during delivery of the one or more pulse.

10. The device of claim 1, wherein the plurality of
electrodes are configured to apply pulses with potential
magnitudes ranging from about 2 V to about 1000 V.

11. The device of claim 1, wherein the plurality of
electrodes are configured to apply pulses with current mag-
nitudes ranging from about 0.01 Amps to about 2.0 Amps,
the pulses having pulse durations ranging from about 0.1
milliseconds to about 100 milliseconds.

12. The device of claim 1, wherein the at least one port
includes an array of ports each extending through the
housing and into the chamber, such that the housing com-
prises a manifold that defines the array of ports.

13. The device of claim 1, wherein the targeted portion of
the tissue is at least one of skin tissue and adipose tissue.

14. A method of electroporating tissue of a subject,
comprising:

placing a chamber adjacent to tissue of the subject;

applying vacuum pressure to the chamber, thereby draw-
ing the tissue through an opening of the chamber and
into contact with a plurality of electrodes extending
along an interior surface of the chamber; and

delivering one or more electroporating pulses through the
plurality of electrodes to the tissue, thereby creating an
electroporation field within the tissue.

15. The method of claim 14, wherein the applying step
comprising applying the vacuum pressure at a sufficient
level to affix the tissue to the interior surface and distribute
fluid within the tissue in the electroporation field.



